Introduction
Organizations are increasingly looking for ways to enhance their ability to innovative effectively (see Bolwijn and Kumpe, 1990; Jacobs, 1997) . Within R&D departments, this means that they are looking for ways to optimize their new product development, which also tends to mean that more importance is being attached to the role of R&D teams involved in new product development. These teams are often multi-functional and multidisciplinary in their composition, and they seem to offer a way which allows organizations to cope with pressures from the external environment by providing exibility and the ability to communicate and execute quickly. Although the general case for teams has been made out a number of times (e.g. Katzenbach and Smith, 1994) , and their functioning has been the subject of several studies (for an overview, see Campion et al., 1993) , research on teams in the R&D eld is rather limited (Paashuis, 1997) . Several studies have looked at the importance of management in this context (e.g. De Weerd-Nederhof (1998) who concluded that management of innovation is not purely a matter of direct control, but also of orchestrating collective action of teams), but we know surprisingly little about either the role of the leader or the impact of the individual characteristics of team members.
The goal of this paper is to derive a research model of the functioning of R&D teams, one which emphasizes the role of the leader and individual team member characteristics. We begin with a brief discussion of the recent literature on leadership andteams (Stoker, 1998) . Because such teams have a number of characteristics in common with R&D teams, such as dependent tasks and job autonomy, these results are likely to have relevance for R&D teams. We end with some conclusions, including an attempt to construct an integrated model of the whole process.
Theoretical background

Leadership and innovation
Innovation has been de ned in several ways (for an overview, see de Leede, 1997) . One of the rst de nitions is that of Zaltman et al. (1973) , who say that innovation is 'any idea, practice, or material artifact perceived to be new by the relevant unit of adoption'. There are several types of innovation. Damanpour and Evan (1984) , for example, distinguish between technical innovation (whether of the product or the process) and administrative innovations (whether organizational or social). In this paper, we focus on R&D teams, which means that we concentrate on product or process innovations.
Leaders of R&D teams are faced with a complex situation. On the one hand, they have to help team members to develop their own competencies. On the other, they are responsible for achieving results within time and budget constraints. Several authors claim that leadership is important for successful functioning of R&D teams and acknowledge these twin aspects (e.g. de Weerd-Nederhof, 1998), but most of the available research has focused only on the role of the leader in relation to the innovativeness of individuals (Schnake et al., 1993; Waldman, 1994; Janssen et al., 1997; Frischer, 1993; de Jong and Carpay, 1991) .
The study by Janssen et al. (1997) of an IT organization concluded that considerate and consultative leadership correlates with empowerment of the individual employee, and that, in turn, empowerment correlates with innovative behaviour, which further correlates with effectiveness and innovativeness. Frischer (1993) found a comparable relation between the empowering manager and the perceived in uence of individuals and work groups. The empowering manager was also seen to create an innovative climate in which employees became loyal to the organization.
Nederhof and Steensma (in van der Vlist et al., 1995) studied three leadership styles in teams with professionals. Their results suggested that team members and clients both thought that teams achieved better results when the leader pursued a consultative leadership style (van der Vlist et al., 1995) . De Jong and Carpay (1991) analysed the relation between leadership behaviour and R&D team outcome variables, such as team effectiveness and satisfaction. They also found that consultative leadership and a considerate leadership style correlated with the outcome variables. Teams perceived themselves as being more effective when their leader was considerate, and had a consultative leadership style and showed initiating structure. Consideration and consultative leadership were found to be relevant for job satisfaction. An interesting result was found for the connection between job satisfaction and initiating structure for the R&D teams. Initiating structure correlated negatively with job satisfaction, which suggests that employees are more satis ed with their job if their leader shows less initiating structure.
These studies of R&D teams all suggest that consultative and considerate leaders are associated with more satis ed and effective employees. None of them, however, presented evidence on the other role of the leader, that of achieving results quickly or within budget constraints. We therefore turn to studies of other types of teams, for example production teams and self-managing teams. Both the goals of such teams and the degree of their autonomy are comparable to those of R&D teams. So the results of the research into them, and the role of leadership, seem entirely relevant for R&D teams also. We shall begin with a brief look at the theories of these teams.
Self-managing teams
Self-managing teams are responsible for some part of a production process, and they function with signi cant autonomy. They are used in many organizations in order to improve performance, exibility, innovativeness and well-being of the employees (Cascio, 1995; Cohen et al., 1996; Hackman, 1990; Manz and Sims, 1993) . Research shows that these teams indeed tend to have relatively high levels of performance and quality of life for their members in comparison to traditional groups (Cohen et al., 1997) . However, these successes seem to be conditional on a number of factors, one of which seems to be team supervision or management (Stewart and Manz, 1995) .
As the name suggests, self-managing teams are supposed to 'manage themselves'. Several ideas on the proper role of the leader have been developed (e.g. Zenger et al., 1994; Katzenbach and Smith, 1993; Stewart and Manz, 1995) , but strong empirical data are lacking. Numerous authors claim that self-managing teams develop in different stages towards self-management, and that a leader should change his/her style in harmony with these stages (e.g. Zenger et al., 1994; Katzenbach and Smith, 1993; Van Amelsvoort and Scholtes, 1994; Sims, 1986, 1993; Stewart and Manz, 1995) . Most of these theories claim that a self-managing team needs a directive leader when the team starts, because at that time a team needs direction. Once the team has developed and grown in maturity, however, a more consultative or coaching style from the leader is supposed to be effective (e.g. Zenger et al., 1994; Manz and Sims, 1984) . West (1990) and Manz et al. (1989) developed similar ideas within an R&D context. They claimed that the role of leadership changes during stages of innovation. According to Manz et al. (1989) , especially visionary leadership is necessary at the beginning. After this, a leader needs to develop a participative leadership style, in order to get the employees involved. After this, the leader needs transactional leadership. So, just as with ideas on the development of self-managing teams, an R&D leader has to change his/her style according to the stage of innovation.
Other researchers claim that there has to be another t between leadership behaviour and the context of a team (House, 1971 (House, , 1996 . Instead of matching effective leadership behaviour to a stage of team development, House argues, in his path-goal theory, that a leader has to exert a style that ts not only with a team, but also with environmental characteristics and individual characteristics of team members. Research in the tradition of path-goal theory shows that indeed individual team members may differ in their reactions to various styles of leadership. This implies that, instead of considering just one leadership style effective for a team, it can be argued that more than one leadership style is effective for the functioning of teams. This is contrary to most theories on selfmanagement, in which differences in development among teams are stressed rather than differences among team members.
It can be concluded from the above that, in theory, leaders play an important role for the effective functioning of self-managing teams. Whether effective leadership behaviour concerns just one style for a certain team, or consists of several styles dependent on, for example, individual differences between team members is not yet clear. However, regardless of whether one or more styles are effective, there are ve styles that might be relevant to both performance and well-being in self-managed teams.
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Traditionally, two major leadership factors are consideration and initiating structure (Stogdill and Coons, 1957) . In addition, individual prominence, related to charisma (Bass, 1985 (Bass, , 1990 , participative or consultative leadership (Mulder et al., 1986 , Zenger et al., 1994 Fruytier, 1996) and coaching are mentioned as relevant for the functioning of teams (Zenger et al., 1994; Van Amelsvoort and Scholtes, 1994; Sims, 1986, 1993) .
Individual characteristics
From research on the effectiveness and innovativeness of teams, it seems to be clear that the individual characteristics of team members are potentially relevant. Research strongly suggests that both the need and the ability of team members are important for the functioning of employees within a team. For self-managing teams, one of the relevant need-variables is need for autonomy (e.g. Emans and Radstaak, 1990; Ashkanasy and Gallois, 1994; Keller, 1989) . This is the desire of a person to work autonomously, without direction from a leader. A relevant ability variable is 'selfef cacy ' (Bandura, 1986) . People with high self-ef cacy believe that they themselves are capable of achieving results. This is related to locus of control (Rotter, 1966) , but locus of control has to do with a general belief of a person in his/her own actions, whereas self-ef cacy is aimed at people's working environment. There seems to be a connection between high self-ef cacy and performance (Collins, 1982) : people with high self-ef cacy are often high performers.
Research results
Looking at more than eighty self-managing teams (with a total of more than 600 team members) in two large Dutch organizations, Stoker (1998) investigated the relationship between leadership styles, individual characteristics and outcome variables.
The two organizations differed in their main characteristics. One was a service organization (a bank, organization A) whereas the other was in the manufacturing industry (a steel company, organization B). However, they both implemented the same concept of teams based on the same theoretical background, which makes it interesting and relevant to compare the data from the two organizations. In organization A, three departments of one division participated in the research. In total, there were twenty-one teams working within these departments, with an average team size of thirteen, and an average age of the team members of 41 years. As a team leader could be the leader of between one to three teams, there were only eleven team leaders in the sample. In organization B, three factories of one division participated. There were sixty-ve teams working within these factories, each with its own team leader and with an average team size of fteen. Team members averaged 38 years of age.
Teams in both organizations were responsible for a part of the production process. In organization A they spoke of 'head-to-tail' products, and each team was responsible for a certain product line. In organization B, teams were responsible for a part of the production process, because steel production is a rather extensive process. In both organizations, jobs were interdependent, and team members shared responsibilities. Tasks were sequentially interdependent (that is, some tasks could be performed only after tasks from another team member). In all teams there was job rotation, and teams were responsible for the execution of several managerial tasks, such as day-to-day planning, quality control and maintenance.
A questionnaire was developed based on the literature on leadership and teams. It was completed by more than 600 employees. The questionnaire contained the following leadership variables: the consideration and initiating structure scales of a Dutch translation of the Ohio-State leadership questionnaire (see Mulder et al., 1971) ; the charismatic leadership scale (Bass, 1985 , translated into Dutch by Den Hartog et al., 1994 in combination with a scale that measures individual prominence (Mulder et al., 1971) ; the consultative leadership scale of French and Raven (translated into Dutch by Mulder et al., 1986) ; and the scale for coaching (De Jong and Carpay, 1991; Le Blanc, 1994) , in combination with a scale that measures individualized consideration (Bass, 1985 , translated into Dutch by Den Hartog et al., 1994) . For all items a 5-point scale was used. Respondents could indicate whether an item was 'not at all' (5 1) to 'very much' (5 5) applicable to them or their leader. Two individual characteristics were measured. The need for autonomy was called need for direction because this description came closer to the items from the scale developed by Boumans (1990) . There was also a self-ef cacy scale from a combination of the scales of Mulder et al. (1986) and Le Blanc (1994) . For all items the same 5-point scale was used.
Finally, the questionnaire contained four outcome variables: a scale for organizational commitment, based on Mowday et al. (1979) and Allen and Meyer (1990); a scale to measure job satisfaction, based on Boumans (1990) and Geersing (1984) ; a scale to measure perceived team effectiveness (de Jong, 1987) ; and a scale to measure burnout, based on a translation of the Maslach and Jackson (1986) scale van Dierendonck, 1993a, 1993b) . Again, for all items the same 5-point scale was used. Table 1 shows results from the study. Both correlations of organizations A and B are described. We also looked at possible differences in the correlations, based on the formula of Ferguson (1966: 188) . Based on this it was concluded that the correlations of leadership styles and effectiveness criteria do not differ signi cantly (Stoker, 1998) . Therefore, it can be concluded that the same leadership styles correlate with the same effectiveness criteria in both organizations. As can be seen, three of the four outcome variables correlate positively with several leadership styles. Team members experience more job satisfaction and are more committed to the organization when the team leader is seen to offer considerate, charismatic or consultative leadership. Burnout correlates with just one leadership style. Team members experience less burnout when their team leader shows consultative leadership.
In order to shed further light on which leadership styles are most effective, hierarchical regressions were performed for each of the outcome variables except for Stoker, 1998) show that several leadership styles make a contribution. So, charisma and consultative leadership both help to explain the variance of organizational commitment, while consideration and consultative leadership both help to explain job satisfaction. Both initiating structure and charisma explain perceived team effectiveness. Taken together, these results show that consultative and charismatic leadership have especially strong relations with commitment, job satisfaction and perceived effectiveness. A second set of results, shown in Table 2 , relates to the relationships between the outcome variables and some individual characteristics of self-managing team members. In both organisations, the self-ef cacy measure is signi cant related to three of the four outcome variables: those who score high on self-ef cacy are committed to the organization, satis ed with their job and perceive their team to be effective. The results of organizations A and B differ for need of direction. Although some results are signi cant (see Table 2 ) one can conclude that these correlations are not as strong as the correlations between self-ef cacy and outcome variables.
Finally, in order to nd out whether leaders can be more effective if they adjust their style to the individual within the self-managing team, we investigated the interaction effects between leadership behaviour and individual characteristics. Table 3 shows some results, and it will be seen team members with a high need for direction were more satis ed with their job, more committed to the organization, and perceived their team to be more effective if their leader developed an initiating structure. There were no signi cant interaction effects between leadership styles and self-ef cacy. 
Conclusions for the functioning of R&D teams
The results of the present study clearly suggest that leadership is important for the effectiveness of self-managing teams. For the two sets of teams studied, there are strong relations between leadership behaviour and the outcome variables, and especially strong links between charismatic and consultative leadership styles and the outcome variables.
There was also support for the notion that leaders can become more effective if they adapt their style to certain individual characteristics of team members. When a team member in a self-managing team has a high need for direction, for example, a more initiating structure seems to pay off.
These are comparable with those from other studies on the functioning of R&D teams. De Jong and Carpay (1991) showed that consultative leadership and consideration correlated strongly with the functioning of R&D teams. Janssen et al. (1997) found that consideration and consultative leadership correlated with empowerment of the individual employee and his/her innovative behaviour.
However, our study shows the interesting extra result that charisma is also an effective leadership style. Neither De Jong and Carpay nor Janssen et al. directly investigated this, but it might well be relevant for R&D teams, especially if we are concerned with the leadership task of getting the team to achieve results within time and budget constraints. It is possible that a combination of consultative leadership and charisma might be key for the effective functioning of R&D teams. The one could stimulate innovativeness, and the other could set clear goals and give direction.
Based on the results for the self-managing teams in combination with those of De Jong and Carpay and Janssen et al., we may question whether initiating structure and coaching are of great relevance for R&D teams. We saw in the study of De Jong and Carpay that initiating structure is ineffective for the satisfaction of R&D teams. Although it correlated positively with perceived team effectiveness, it is not obvious that this style ts for R&D teams. Probably, charisma (which correlates strongly to both initiating structure and consideration) is more effective, comparable to the results of the self-managing teams. In order to solve this, initiating structure and charisma need to be tested jointly in one study.
As is the case for self-managing teams, we think it reasonable to assume that at least two individual characteristics of team members -self-ef cacy and need for directionalso play a signi cant role in the success of R&D teams. Although need for direction might be less present in R&D professionals, once it is there it is a very important characteristic for a leader to respond to. Self-ef cacy is a variable that might be more powerfully present among R&D professionals.
In order to nd out in what way the results of the self-managing teams can be translated to the functioning of R&D teams, we need empirical studies in various surroundings (e.g. R&D, product development areas, cross-functional teams) and perhaps also different organizations to con rm these assumptions. To facilitate this research, we present below an integrated model on leading R&D teams.
Building an integrated model
We now suggest the possible relations between leadership behaviour, individual characteristics, team functioning and outcome variables. Leadership behaviour is based on the ve styles that were studied by Stoker (1998) . It is possible that not all styles mentioned are relevant and, on the basis of earlier empirical results, we conjecture that charisma, consultative leadership and consideration will be especially important.
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With regard to relevant individual characteristics, we have emphasized only two qualities, namely the need for direction and self-ef cacy. It is probable that there are more relevant individual characteristics for the effective functioning of R&D teams, notably individuals' innovativeness (see Howell and Higgins, 1990) . This refers to the desire among individuals to nd new solutions for problems. Also, it is possible that some of the big ve personality characteristics are important. Thus, Barrick et al. (1998) report strong correlations between extraversion and conscientiousness and the effectiveness of teams.
A third group of variables that might well be relevant to the functioning of R&D teams is the team spirit or potency of a team. These were not included by Stoker but, based on the study of Janssen et al. (1997) , they seem relevant to R&D team functioning. Potency was also one of the most powerful characteristics of a team in the studies of Campion et al. (1993 Campion et al. ( , 1996 , and similar results were found for the concept of 'organizational citizenship' (Janz et al., 1997) . In future research on teams, these characteristics deserve to be studied carefully.
The combination of leadership behaviour, individual characteristics and team characteristics in relation to outcome variables leads to the proposed research model shown in Figure 1 .
In order to nd out whether such a model can explain the effective functioning of R&D teams, three issues deserve attention. First, in order to detect causal relations, it would be highly desirable to execute longitudinal studies. We know very little about the development and dynamics of R&D teams, or about the possibly changing nature of the relationship between leaders and team functioning. It was earlier noted that West (1990) and Manz et al. (1989) developed ideas on the changing nature of this relationship. These ideas are comparable to the ones developed on self-managing teams. However, in both cases strong empirical support for these ideas is still lacking.
Second, it seems relevant to study the suggested relations in several organizations and across several types of R&D teams. It is plausible that there are interesting differences between, for example, cross-functional and mono-disciplinary teams. Also, it is likely that R&D teams and their leaders across organizations differ in their nature. Even the relations within virtual R&D teams (members of which do not work at the same time or place) could be studied.
Third, we recommend that the model should be tested at both an individual and a team level. Up to now, most studies on the functioning of teams have analysed relations only at an individual level; however, more insight can be gained when both the individual and the team level are analysed at the same time.
